ii) Differentiation within the testis A longitudinal section through a testis follicle (Fig. 1) shows a clear differenti ation into four zones. These are named (Chapman 1971) :
-Germarium-spermatogonial mitosis; Growth zone-meiotic prophase-I; Maturation zone-two meiotic divisions; Transformation zone-spermiogenesis. Cells move progressively down the follicle as they pass through each stage of differentiation. The cells (and their nuclei) are smaller at the start of the growth zone. In this zone no differentiation into the sub-stages of meiotic prophase can be distinguished since the euchromatic parts of the chromosomes remain diffuse until immediately prior to metaphse-I (John and Shaw 1967) . This may be related to the fact that these species have distally-localised chiasmata. iii) Cell numbers in spermatogonial and primary spermatocyte cysts
The testes from five beetles of each species were dissected, fixed and gentle squash preparations were made from individual follicles. The data in Fig. 2 show clearly that iv) Spatial distribution of spermatogonial cysts within the germarium The positions of cysts within the germarium at the follicle tip were determined in sectioned material from all the species. Photographs were taken of 15 different follicles of each species in which the longitudinal section was judged to pass close to the central axis of the follicle. The average dimensions of the germarium were de termined by measuring a) its length, b) its width at 0% (boundary between germarium and growth zone), 25%, 50%, 75% and 90% of its total length. The positions of individual cysts in all these follicles in terms of% distance from growth zone and radial distance from follicle axis were ditermined. They were then recorded on a diagrammatic representation of the average follicle for that species. Data (Figs 
frequency of labelled and unlabelled metaphase cysts at increasing time intervals. The data are contained in Fig. 6 . Cell cycle parameters were determined using the technique of Mitchison (1971) and the estimates are contained in Table 2 . vii) Spermatogonial mitotic index Table 3 summarises the mitotic index for the final spermatogonial generation before the meiotic transition in the six Dermestes species. This generation was used because it is easier to identify these cysts in interphase than cysts with lower cell numbers. However, since the other parameters of the mitotic cycle change very little with spermatogonial differentiation ( This last time does not represent the maximum life span of the adult. Two males were dissected at each interval except for the first three larval ages which had one each, and all follicles were prepared as individual squash preparations. The ex- Table 3 . Mitotic indices (% metaphases) of 32*-or 64**-cell spermatogonial cysts in the six Dermestes species tensive data obtained are shown in Table 4 . While there is a significant decline in spermatogonial mitosis during adult life it is still significant after 200 days. Taking into account the mitotic index (Table 3 ) and the length of the spermatogonial mitotic cycle (Table 4) , it is possible to integrate the total number of cysts of each type pro duced during successive periods in the development of D. maculatus and for the total peroid from the start of pupation through the first 200 days of adult life. The data are presented in Table 5 .
ix) The duration of meiosis Preliminary experiments by Malcolm (1977) and ourselves established the meiotic development time from the end of premeiotic S-phase to the elongated spermatid stage to be 12-20 days, depending on species. Subsequently we de termined these times more accurately by making fixations a) after 5 and 8 days, b) every day for the last four days of the estimated meiotic time and c) every 6 hours on the day when labelled metaphsae-I cysts were expected. The testes from three animals were sectioned at each fixation and the latest labelled stage recorded for each follicle. Fig. 7 shows the meiotic progress of all six species and Table 6 contains estimates of the meiotic times. x) Primary spermatocyte growth Viewed subjectively (see Fig. 1 ) spermatogonial nuclear and cell volumes decline towards the meiotic transition, yet during meiotic prophase-I nuclear and cell volumes increase rapidly. Because of the absence of recognisable sub-stages of meiotic prophase-I, we have attempted to measure this rate of growth in relation to the progression of cells down the follicle so that cell or nuclear volume may be used as a marker. Photographs were taken of two different follicle sections for each species and the mean volume of the spermatocyte nucleus estimated at 2.5%, 12.5%, 17.5%, 22.5%, 32.5%, 50%, 67.5%, 82.5% and 97.5% of the distance between the end of the germarium and the start of the maturation zone . The data for the six species are presented in Fig. 8 . It is immediately obvious that the growth in nuclear volume is dramatic, but also somewhat variable among the species .
Discussion i) Differentiation within the testis It was pointed out in the introduction that spermatogenesis involves a pro gressive differentiation of cells within the testis and that this differentiation is not confined to meiotic and postmeiotic stages. Spermatogonial differentiation has essentially two aspects, the fixed number of divisions once encystment occurs and the progressive reduction in cell size with successive cell divisions. This phenomenon seems to be fairly general in animal spermatogenesis with the growth in the size of the spermatogonia between sucessive divisions being only approximately 1.5x (Schreiber 1949 , Ortavant 1958 , Roosen-Runge and Barlow 1953 an indication of a slight reduction in the length of S-phase. However, it is also clear from Fig. 6 that the overall degree of labelling of cells increases with successive spermatogonial divisions from a first S-phase peak of nearly 50% to nearly 100%. This could be simply a consequence of the reducing cell size, being correlated with a smaller indigenous pool of thymidine. It seems possible that the reduced labelling index may lead to a reduced estimate for the length of S-phase. This situation is similar to that found by Lyapunova and Zoslimovskaya (1972) for the ten generations of spermatogonia in the house cricket. There were no conspicuous or progressive changes in the length of S-or G2-phase and the total cycle time remained constant at 24 hours. On the other hand, spermatogonial S-phase does increase progressively in length during progressive differentiation in the rat and the mouse (Hilscher et al. 1974, and Monesi 1962) . This was at the expense of the G2-phase, for the total cycle time was again relatively constant in each species.
In contrast to many other organisms where the parameters of the cell cycle have been determined (see Mitchison 1971 , for review) S-phase in D. maculatus includes a very high proportion about 70% of the cell cycle. Interestingly a similar situation is found in mitotic cell in the mid-gut of these species (Malcolm 1977 , McIntosh 1966 (Roosen-Runge 1977) . Death of unencysted spermatogonia would reduce the size of the stem cell population and a progressive decline in spermatogenesis would result. Table 4 shows that there is such decline in D. maculatus. While there are reservations about the model in Fig. 9 it may be close to the truth and on that basis we may estimate the size of the follicular stem cell populations in all six species from data on the mitotic index (Table 3 ) and the fre quency of unencysted spermatogonia. For young adults the estimates are indicated in Table 7 . Thus each follicle probably contains only a very small stem cell popu lation. In comparison Drosophila males contain 15-20 stem cells at the time of testis organization (Sonnenblick 1950) iii) Taxonomic grouping and DNA content Two sub-genera have been recognised within Dermestes by Zhantiev (1967) on the basis of a numerical taxonomic study based on ten adult characters. They are Dermestinus and Dermestes S. Str., D. maculatus and D. frischii fall into the former group while the other four species fall into the latter. In spite of relative karyotypic uniformity in the genus (John and Shaw 1967) C-value varies considerably (Fox, 1969a, b; Rees et al. 1976 ). However, C-value variation is not obviously correlated with sub-generic placing. In higher plants at least, C-value is positively Table 7 .
Estimates of stem cell spermatogonial frequencies in testis follicles of the six Dermestes species correlated with both mitotic cycle time ( Van's Hoff 1965) and meiotic development time (Bennett 1971) . In the present study C-value does not correlate with any char acter measured with the exception of meiotic development time. This shows a correlation coefficient, r, of +0.698 but this is of only low significance, (P=0.1 -0.05). It is also interesting to note that the meiotic development time in Dermestes is extremely long for the C-values exhibited and underlines the conclusion of Bennett (1971) that duration of meiosis is not only greater in animal species than in plant species for the same C-value but also that differences exist between different groups of animals. On the other hand there is a clear distinction between the two sub genera for several characters. Even with meiotic development time there is some effect with Dermestes S . Str., species having longer times. D. haemorrhoidalis which has the lowest C-value of the six species has a longer meiotic development time than all the species in Dermestinus . It has already been pointed out that the number of spermatogonial divisions is a clear sub-generic characteristic and the mitotic index of the spermatogonia sur prisingly also shows such a distinction with Dermestes S. Str., values being con-sistently about twice the Dermestinus values (see Table 3 ). Similarly the estimates of stem cell population size per follicle also show a sub-generic discontinuity with about 2 spermatogonia per follicle in the former division and about 8 in the latter. Thus while C-value is an important determinant of many nuclear characteristics (Jones and Rees 1968) , in Dermestes spermatogenesis such characters are more in fluenced by taxonomic grouping within the genus.
Summary probably divide quasi-dichotomously.
A male D. maculatus produces >107 sperm during its lifetime.
